Background
==========

Neuroblastoma is a solid malignant tumor widely diagnosed in children up to 5 years of age \[[@b1-medscimonit-23-4252],[@b2-medscimonit-23-4252]\]. It ranks as the second most common pediatric cancer, accounting for approximately 15% of all pediatric tumor mortality \[[@b3-medscimonit-23-4252],[@b4-medscimonit-23-4252]\]. Multimodal therapy is available for neuroblastoma including surgery, radiation therapy, chemotherapy, bone marrow transplantation, and even immunotherapy \[[@b5-medscimonit-23-4252]\]; however, acquired drug resistance to chemotherapeutics has become a major challenge in neuroblastoma treatment, making it an urgent task to develop novel and effective therapy for disease management.

In recent years, various studies have indicated that the anti-malarial drug artemisinin and its derivatives display a significant cytotoxic effect on tumor cells and could increase the drug sensitization of tumors \[[@b6-medscimonit-23-4252],[@b7-medscimonit-23-4252]\]. Artemether, the methyl ether derivative of artemisinin, has been also reported to suppress tumor growth, invasion, and migration in several cancers, including gastric cancer, hepatocellular carcinoma, and breast cancer \[[@b8-medscimonit-23-4252]--[@b10-medscimonit-23-4252]\]. In addition, other researches have demonstrated that artemether exhibits potential therapeutic effects on gliomas, probably through inhibition of vascular cell adhesion molecule-1 \[[@b11-medscimonit-23-4252]\].

B7-H3, a type I transmembrane protein, is a new member of the B7 family of immune-regulatory molecules \[[@b12-medscimonit-23-4252]\]. The expression of B7-H3 has been observed in a variety of normal tissues and cells, including dendritic cells, lung, breast, and prostate \[[@b13-medscimonit-23-4252],[@b14-medscimonit-23-4252]\]. A previous study has identified B7-H3 as a neuroblastoma-associated molecule that is involved in natural killer cell-mediated lysis \[[@b15-medscimonit-23-4252]\]. Another study has demonstrated that microRNA-29 directly targets the B7-H3 3′ untranslated region to regulate B7-H3 in neuroblastoma cells, suggesting a potential immune-based therapy for brain tumors \[[@b16-medscimonit-23-4252]\]. In the present study, we determined the inhibitive function of artemether on neuroblastoma cells and investigated the interaction between this drug and B7-H3 in regulation of anti-cancer effects.

Material and Methods
====================

Cell culture and transfection
-----------------------------

Human neuroblastoma cell lines SK-N-SH, SH-SY5Y, and SK-N-BE2 were purchased from the American Type Culture Collection (Manassas, VA, USA). The cells were cultured in Dulbecco's modified Eagle's medium (DMEM) supplemented with 10% fetal bovine serum (FBS) in an atmosphere containing 5% CO~2~ at 37°C. Artemether and doxorubicin were purchased from Sigma-Aldrich (St. Louis, MO, USA). For transfection, neuroblastoma cells were transiently transfected with the recombinant plasmid pcDNA(−)3.1-B7-H3 or control pcDNA(−)3.1. At 48 h after transfection, the transfection efficiency was evaluated by real-time PCR and Western blot analysis.

Cell viability assay
--------------------

Cell viability was measured with CCK-8 assay according to the manufacturer's protocol. Cells were seeded into 96-well plates at a density of 5.0×10^3^ per well and incubated for 12 h under standard conditions. Then, the medium was replaced with DMEM containing various concentrations of artemether (0, 100, 300, 600, 900, and 1200 μmol/L). After 48 h, 10 μL/well CCK8 solution was added into each well. After incubation for 3 h, the absorbance was recorded at 450 nm using a microplate reader.

EdU incorporation assay
-----------------------

The DNA synthesis was measured using the commercial Click-iT EdU Imaging Kit (Invitrogen, Carlsbad, CA, USA) according to the manufacturer's protocol. Neuroblastoma cells were exposed to doxorubicin alone (0.5 μg/ml) or in combination with artemether (300 μmol/L) for 48 h. Cells were exposed to EdU for 2 h and fixed for 20 min with 4% paraformaldehyde followed by counting the EdU-positive cells under a fluorescence microscope (Leica, Germany).

Real-time PCR
-------------

Total RNAs were isolated using Trizol reagent (Invitrogen, USA) according to the manufacturer's instructions. RNA was reverse-transcribed with SuperScript III First-Strand Synthesis System (Life Technologies). Expressions were validated using gene-specific primers. Amplification was conducted with SYBR Green PCR Master Mix on the ABI Prism 7500 sequence detection system and data analysis was performed with the ΔΔC~T~ method.

Western blot analysis
---------------------

Neuroblastoma cells were lysed in cell lysis buffer containing protease inhibitors (Cell Signaling, Danvers, USA). The supernatant was collected, and separated by 10% SDS-PAGE, and proteins were processed for transference to polyvinylidene difluoride (PVDF) membranes (Millipore, USA). The membranes were incubated with anti-B7-H3 and anti-gapdh antibodies (Abcam, Cambridge, USA) at 4°C overnight. The membranes were washed 3 times and then incubated with HRP-conjugated secondary antibodies for 1 h at room temperature. All the protein bands were detected by chemiluminescence (GE Healthcare, Piscataway, USA).

Statistical analysis
--------------------

All statistical calculations were performed using SPSS statistical software. Each experiment was repeated at least 3 times. Data are represented as mean ±SD. The *t* test or one-way ANOVA were used to compare groups. A P-value \<0.05 was considered statistically significant.

Results
=======

Artemether increased the doxorubicin cytotoxic effects on neuroblastoma cells
-----------------------------------------------------------------------------

We treated neuroblastoma cell lines with different concentrations of artemether alone (0, 100, 300, 600, 900, and 1200 μmol/L) for 48 h to determine its cytotoxic effects on tumor cells. CCK-8 showed that low concentrations of artemether (100 and 300 μmol/L) had little cytotoxic effects on cell growth, but high doses of artemether (600, 900, and 1200 μmol/L) obviously suppressed the proliferation of neuroblastoma cell lines, including SH-SY5Y, SK-N-SH, and SK-N-BE2 ([Figure 1A--1C](#f1-medscimonit-23-4252){ref-type="fig"}).

Next, artemether at 300 μmol/L was used to test its chemosensitization effect on neuroblastoma cells. We found that co-treatment of SH-SY5Y cells with artemether (300 μmol/L) and doxorubicin (0.5 μg/ml) significantly inhibited cell viability compared with doxorubicin-treated cells ([Figure 2A](#f2-medscimonit-23-4252){ref-type="fig"}). In addition, EdU incorporation assay also indicated that artemether suppressed the DNA synthesis of SH-SY5Y cells in the presence of doxorubicin ([Figure 2B](#f2-medscimonit-23-4252){ref-type="fig"}). Moreover, the cell viability and DNA synthesis were reduced in SK-N-SH ([Figure 2C, 2D](#f2-medscimonit-23-4252){ref-type="fig"}) and SK-N-BE2 ([Figure 2E, 2F](#f2-medscimonit-23-4252){ref-type="fig"}) cells in the presence of artemether (300 μmol/L) and doxorubicin (0.5 μg/ml), indicating that artemether could enhance the doxorubicin sensitivity in neuroblastoma cells.

Artemether inhibits the expression of B7-H3 in neuroblastoma cells
------------------------------------------------------------------

The effects of artemether on B7-H3, a potential oncogene preferentially expressed in tumor tissues, were investigated by the means of real-time PCR and Western blot analysis. Neuroblastoma cell lines SH-SY5Y, SK-N-SH, and SK-N-SH were incubated with doxorubicin alone (0.5 μg/ml) or combined with artemether (300 μmol/L) for 48 h. Then, the mRNA expression of B7-H3 was measured by real-time PCR and results showed that doxorubicin decreased the expression of B7-H3 in SH-SY5Y ([Figure 3A](#f3-medscimonit-23-4252){ref-type="fig"}), SK-N-SH ([Figure 3C](#f3-medscimonit-23-4252){ref-type="fig"}), and SK-N-SH cells ([Figure 3E](#f3-medscimonit-23-4252){ref-type="fig"}). Particularly, co-treatment with artemether further inhibited the B7-H3 mRNA levels in the above-mentioned neuroblastoma cell lines. In addition, the protein expression of B7-H3 was suppressed in the presence of doxorubicin, and further reduced in combined treatment with artemether and doxorubicin ([Figure 3B, 3D, 3F](#f3-medscimonit-23-4252){ref-type="fig"}). Taken together, these data suggest that artemether incubation reduces the expression of B7-H3 in neuroblastoma cells.

Effects of B7-H3 overexpression on drug resistance in neuroblastoma cells
-------------------------------------------------------------------------

To confirm the regulatory role of B7-H3 in drug resistance, SH-SY5Y cells were transiently transfected with pcDNA(−)3.1-B7-H3 or empty control vector. At 48 h after transfection, the mRNA and protein expression of B7-H3 were determined by real-time PCR and Western blot analysis to evaluate the transfection efficiency. Results indicated a high transfection efficiency of B7-H3 plasmids, which resulted in obviously elevated (more than 4-fold) transcriptional and protein levels of B7-H3 in neuroblastoma cells ([Figure 4A, B](#f4-medscimonit-23-4252){ref-type="fig"}). Consequently, we observed no significant differences in cell viability ([Figure 4C](#f4-medscimonit-23-4252){ref-type="fig"}) and DNA synthesis ([Figure 4D](#f4-medscimonit-23-4252){ref-type="fig"}) in SH-SY5Y cells treated with doxorubicin alone (0.5 μg/ml) or combined with artemether (300 μmol/L). These results suggest that artemether failed to sensitize the SY-5Y cell to doxorubicin when B7-H3 was overexpressed in neuroblastoma cells.

Discussion
==========

Artemether, a derivative extracted from a Chinese traditional herb, has been widely prescribed in patients diagnosed with malaria \[[@b17-medscimonit-23-4252]\]. In recent years, emerging evidence demonstrated that artemether has potential therapeutic effects on several malignancies, such as gliomas, liver cancer, and breast cancer \[[@b8-medscimonit-23-4252]--[@b11-medscimonit-23-4252]\]. In the present study, our results indicated that artemether increased the doxorubicin cytotoxicity, probably through regulation of B7-H3 in neuroblastoma cells.

Neuroblastoma is the third most frequent cancer in childhood, only preceded by acute lymphocytic leukemia and central nervous system-related cancers \[[@b18-medscimonit-23-4252]\]. However, the etiology of neuroblastoma tumorigenesis remains poorly understood. Despite the remarkable achievements in neuroblastoma treatment, their therapeutic efficacies are greatly compromised because of the development of drug resistance to the chemotherapeutic agents \[[@b19-medscimonit-23-4252],[@b20-medscimonit-23-4252]\]. Accumulating evidence shows that artemisinin and its derivatives have potential antitumor activities through regulation of cancer cell behaviors. For example, dihydroartemisinin, a semi-synthetic derivative of artemisinin, results in significant inhibition of HCC both *in vitro* and *in vivo* via induction of mitochondria-dependent apoptosis \[[@b21-medscimonit-23-4252]\]. In addition, another anti-malarial drug artemether has been shown to inhibit the proliferation, migration, and invasion of gastric cancer and brain gliomas \[[@b8-medscimonit-23-4252]--[@b11-medscimonit-23-4252]\]. We found that artemether (\>300 μmol/L) significantly reduced the proliferation of neuroblastoma cell lines SH-SY5Y, SK-N-SH, and SK-N-BE2. Moreover, the cell viability and DNA synthesis in tumor cells were remarkably lower in the presence of artemether and doxorubicin than in doxorubicin-treated cells alone. Taken together, these data suggest that artemether increases the sensitivity of doxorubicin in neuroblastoma cells.

Several studies have reported the aberrant expression of B7-H3 in a number of solid tumors, such as prostate, lung, liver, colorectal, renal cell cancer, and neuroblastoma \[[@b22-medscimonit-23-4252]--[@b26-medscimonit-23-4252]\]. Functional investigations have shown the critical roles of B7-H3 in tumor behaviors \[[@b27-medscimonit-23-4252]\]. For example, B7-H3 was identified as an independent predictor of poor prognosis in patients with non-small cell lung cancer \[[@b29-medscimonit-23-4252]\]. Chen et al. found that B7-H3 knockdown reduced cell migration, adhesion, and invasion of breast cancer cells \[[@b29-medscimonit-23-4252]\]. Liu et al. demonstrated that B7-H3-silenced cells become sensitive to chemotherapeutics via inhibition of Jak2/Stat3 phosphorylation \[[@b30-medscimonit-23-4252]\]. These studies suggest that B7-H3 is a potential therapeutic target for tumors. We found that doxorubicin alone could inhibit B7-H3 expression in SH-SY5Y, SK-N-SH, and SK-N-BE2 cells, which was further suppressed in the presence of artemether. Moreover, enforced expression of B7-H3 did not completely abolish the doxorubicin cytotoxicity in SY-5Y cell; thus, we speculate that doxorubicin exerts its cytotoxicity by regulating multiple targets; therefore, manipulation of a single molecule was not sufficient to counteracted its cytotoxicity. In addition, we found that artemether failed to sensitize SY-5Y cells to doxorubicin in neuroblastoma cells overexpressing B7-H3, suggesting that B7-H3 may serve as a novel target for neuroblastoma therapy.

Conclusions
===========

In conclusion, the present study demonstrates that artemether increased the doxorubicin sensitivity through suppression of B7-H3 in neuroblastoma cells. Our study provides a potential novel therapy for neuroblastoma.
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![Effects of artemether on neuroblastoma cells. Neuroblastoma cell lines SH-SY5Y (**A**), SK-N-SH (**B**), and SK-N-BE2 (**C**) were subjected to different concentrations of artemether (100, 300, 600, 900, and 1200 μmol/L) for 48 h. CCK-8 assay was performed to determine cell viability. \* p\<0.05, compared with control.](medscimonit-23-4252-g001){#f1-medscimonit-23-4252}

![Artemether increased the doxorubicin cytotoxicity on neuroblastoma cells. Neuroblastoma cell lines SH-SY5Y, SK-N-SH, and SK-N-BE2 were exposed to artemether (300 μmol/L) or doxorubicin (0.5 μg/ml) alone or in combination for 48 h. Cell viability (**A, C, E**) and DNA synthesis (**B, D, F**) were measured by CCK-8 assay and EdU incorporation assay, respectively. \*\* p\<0.01, compared with control; ^\#\#^ p\<0.01, compared with doxorubicin (Dox)-treated cells.](medscimonit-23-4252-g002){#f2-medscimonit-23-4252}

![Down-regulation of B7-H3 by artemether in SH-SY5Y cells. Neuroblastoma cell lines SH-SY5Y, SK-N-SH, and SK-N-BE2 were incubated with artemether (300 μmol/L) or doxorubicin (0.5 μg/ml) alone or in combination. Real-time PCR was used to detect the mRNA expression of B7-H3 (**A, C, E**). The protein level of B7-H3 was measured by Western blot (**B, D, F**). \* p\<0.05, \*\* p\<0.01, compared with control; ^\#^ p\<0.05, ^\#\#^ p\<0.01, compared with doxorubicin (Dox)-treated cells.](medscimonit-23-4252-g003){#f3-medscimonit-23-4252}

![Effects of B7-H3 overexpression on drug resistance in neuroblastoma cells. Ectopic expression of B7-H3 in SH-SY5Y cells was confirmed by real-time PCR (**A**) and Western blot (**B**). Cell viability (**C**) and DNA synthesis (**D**) were measured by CCK-8 assay and EdU incorporation assay, respectively. \*\* p\<0.01, compared with control.](medscimonit-23-4252-g004){#f4-medscimonit-23-4252}
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